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(54) POLYMER OPTICAL WAVEGUIDE, OPTICAL INTEGRATED CIRCUS, OPTICAL MODULE AND 
OPTICAL COMMUNICATION APPARATUS 



(57) The following are disclosed: An optical 
waveguide constituted out of polymers, an optical inte- 
grated circuit, an optical module, and an optical commu- 
nication system (optical communication apparatus) 
using these. In the polymer optical waveguide which is 
fabricated on a substrate having an inorganic material 
on at least a part of the surface thereof and in which a 
core layer and a clad layer positioned closer to the base 
than the core layer are composed of polymers, a buffer 
layer, which is composed of a polymer different from 
that of the clad layer, is provided between the clad layer 
and the base. 



FIG. 1 




1: SUBSTRATE 
Z LOWER CLADLAYEH 
1 CORE LAYER 
* UPPER CLAD LAYER 
& BUFFER LAYER 



CO 



<0 



Q. 
LXJ 



Printed by Xerox (UK) Business Services 
2.13 7/36 



EP0 961 139 A1 



Description 

TECHNICAL FIELD 

5 [0001 ] The present invention relates to an optical waveguide formed out of polymers, an optical integrated circuit, an 
optical module, and an optical a>rnmunication system (optical communication apparatus) using these. 

BACKGROUND ART 

w [0002] Nowadays, with the objective of downsizing, cost-towering and muHhfunctioning of optical components, 
research is being done more and more vigorously concerning optical waveguides and an optical integrated circuit using 
them. Of the optical waveguides, a polymer optical waveguide in particular, which is fabricated by coating polymer 
materials on a substrate, is superior in the mass-prafoctivity and can be expected to be lowered in the cost. Accord- 
ingly, in recent years, much attention has been focused thereon. 

15 [0003] Fig. 10 shows an embedded type optical waveguide. La an example of conventional polymer optical 
waveguides. The optical waveguide is fabricated by coating, in turn, a polymer (the refractive index: n1) constituting a 
lower dad layer 2 and a polymer (the refractive index: n2) constituting a core layer 3 on a substrate 1 such as silicon or 
glass, and then by coating again a polymer (the refractive index: n3) constituting an upper clad layer 4 after removing 
an unnecessary portion of the core layer by an etching. In order tor the optical waveguide to function as an optical 

20 waveguide, n2 is set to be larger than n1, n3. Also, so as to facilitate a connection with an optical ffoer as well as to 
embody a single mode optical waveguide, the polymer material in each layer is selected so that the core layer 3 
becomes tfcout 6x6 ~ 9x9 jim thick and refractive index differences between the cor e layer 3 and the dad layers 2. 4 
become about 0.3 ~ 0.7 %. Moreover, in order to decrease a propagation loss through an optical waveguide in the 
above-described polymer optical waveguide, it is necessary to employ polymers of less optical absorption in the lower 

25 dad layer 2, the core layer 3 and the upper clad layer 4. In application of an optical ft>» 

to lower the waveguide loss for the infrared light (wave length 1.3-1.5 um). However, an ordinary polymer has much 
CH (carbon-hydrogen) bonds in the structure and has a strong absorption for the infrared light wave because of the 
absorption by vibration of the CH bonds. Thus, the ordinary polymer is unsuitable for an optical waveguide material for 
the infrared light As the optical waveguide material for the infrared light a polymer in which fluorine (F) or deuterium 

30 (D) is substituted for hydrogen (H) in the CH bonds is used. In particular, a f luorinated polymer in which the fluorine sub- 
stitution is performed has the following excellent properties: For example, the polymer has low loss even for 1.5 jim 
band and. because the water-repellent characteristic is caused by fluorine, the loss does not increase even when the 
polymer is used under high humidity. Fluorinated polyimide and f luorinated polymer acrylic, for instance, can be men- 
tioned as the optical fluorinated polymer. Regarding the fluorinated polyimide and a polymer optical waveguide fabri- 

35 cated using it. the description is given in, for example, JP-A-4-9807 and "Electronics Letters", vd. 29. pp. 2107-3109 
(1993). 

[0004] An optical switch taking advantage of a thermo-optical effect for instance, can be mentioned as an optical inte- 
grated circuit using the polymer optical waveguide. Concerning this, the description is given in literatures such as "IEEE 
Photonics Technology Letters". Vol. 5, pp. 782-784 (1993) and Proceedings of 21-st European Conference on Optical 

40 Communication (ECOC95) 1059-1062 (1995). 

[0005] Generally speaking, however, because the OF bonds are very stable, the optical polymer containing fluorine 
is inferior in an adhesiveness to inorganic materials such as silicon or glass. On account of this, there exists a problem 
that a examination occurs between the substrate 1 and the lower dad layer 2 while or after fabricating the optical 
waveguide. On account of this, there exist problems that it is difficult to fabricate the optical waveguide with the use of 

45 the polymer containing fluorine and having the excellent optical characteristics, and that it is impossible to obtain a long- 
term reliability of the optical waveguide and the optical integrated drcuit thus fabricated. As a technique for enhandng 
the adhesiveness between the polymer containing fluorine and the inorganic base. JP-A-7-174930 discloses a method 
in which, by coating and baking organic zirconium chelate on the inorganic substrate, organic zirconium compounds are 
formed and, after that the fluorinated pdymer is coated. However, adhesion strength obtained by using the organic zir- 

50 conium chelate is not necessarily enough from the view point of the practical utilization. For example, there exists a 
problem that, if the optical waveguide, after being fabricated by the above-mentioned method, is left under high temper- 
ature and high humidrty, there occurs a examination between the substrate and the lower clad layer in much the same 
way. 

[0006] In the polymer optical waveguide fabricated by coating the optical polymer on the inorganic base, an object of 
55 the present invention is to provide a highly reliable polymer optical waveguide in which the adhesiveness between the 
lower dad layer and the substrate is enhanced, and a highly reliable optical integrated drcuit Moreover, another object 
is to provide, by employing them, an optical module and an optical cwnmunication system that are excellent at the long- 
term reliability. 
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[0007] In a polymer optical waveguide which is fabricated on any substrate of a silicon base, a glass base, a silicon 
base provided with an oxide f flm on at least a part of the surface thereof, and a substrate having a metallic electrode on 
at least a part of the surface thereof, and in which a core layer and a clad layer positioned closer to the base than the 
core layer are made of polymers, a buffer layer made of a polymer is provided between the clad layer positioned closer 
5 to the base than the core layer and the base, and a polymer having a strong adhesiveness to the base is employed as 
the buffer layer. In particular, a polymer containing no fluorine is employed as the buffer layer. Otherwise, in particular, 
a polymer containing silicon is employed as the buffer layer. Otherwise, in particular, when fluorinated potyimide is 
employed as the dad layer, polyimxie stocane is employed as the buffer layer. The polymer optical waveguides having 
the buffer layer are used so as to constitute an optical integrated circuit, an optical switch and an optical module. Fur- 
to thermore. mey are used so as to constitute an optical comm system, merebynriaking rtpossWe to achieve the 
above-described objects. 

DISCLOSURE OF INVENTION 

is [0008] In a porymer optical waveguide which is fabricated on any substrate of a silicon substrate, a glass substrate, a 
silicon substrate provided with an oxide film on at least a part of the surface thereof, and a base having a metallic elec- 
trode on at least a part of the surface thereof, and in which a core layer and a dad layer positioned closer to the base 
than the core layer are made of polymers, a buffer layer made of a polymer is provided between the dad layer posi- 
tioned doser to the base than the core layer and the base, and a polymer having a strong adhesiveness to the base is 

20 emoloyed as the buffer layer. In particular, a porymer containing no fluorine is employed as the buffer layer. Otherwise, 
in particular, a polymer containing sticon is employed as the buffer layer. Otherwise, in particular, when fborinated pory- 
imkle is employed as the dad layer, pofyimkle siloxane is empk^ed as the buffer lav^^ The polymer optical waveguides 
having the buffer layer are used so as to constitute an optical integrated drcurt, an optical switch and an optical module. 
Furthermore, they are used so as to constitute an optical communication system, thereby making it possible to solve 

25 the above-described objects. 

BRIEF DESCRIPTION OF DRAWINGS 
[0009] 

30 

Rg. 1 is a structure diagram of an embedded type polymer optical waveguide related with an embodiment of the 
present invention. 

Fig. 2 is a diagram showing a light intensity distribution in a direction perpendicular to a base in the polymer optical 
waveguide related with the embodiment of the present invention. 
35 Rg. 3 is a structure diagram of a ridge type polymer optical waveguide related with the embodiment of the present 
invention. 

Fig. 4 is a structure diagram of a porymer optical waveguide related with the embodiment of the present invention 
and fabricated using a photosensitive polymer in a portion of the optical waveguide. 

Fig. 5 are a plan view and a cross-sectional view of a 1x4 branching type optical switch related with the embodi- 
40 merit of the present invention. 

Rg. 6 is a diagram showing a 4x4 optical switch fabricated by combining the 1x4 branching type optical witches 
related with the embodiment of the present invention. 

Fig. 7 is a diagram showing an optical fiber communication system in which the optical switches related with the 
embodiment of the present invention are used. 
45 Rg. 8 is a diagram showing an internal structure of an optical module related with the embodiment of the present 
invention. 

Rg. 9 is a diagram showing an optical communication apparatus in which the optical modules related with the 

embodiment of the present invention are used. 

Rg. 10 is a diagram showing a conventional porymer optical waveguide. 

so 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0010] Fig. 1 shows an embedded type pdymer optical waveguide related with an embodiment of the present inven- 
tion. First using this, the explanation win be given concerning functions of the present invention. The optical waveguide 
55 of the present invention, between a base land a low 

a strong adhesiveness to the base. As illustrated in Rg. 2, in the present structure, the lower clad layer 2 is made thick 
enough so that the optical field scarcely reaches to the buffer layer 5. Consequently, even rf a polymer of large absorp- 
tion loss is employed as the buffer layer 5, the loss in the optical waveguide does not increase. Also, similarly, since the 
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lower dad layer 2 is set to be thick enough, the light wave can propagate through the optical waveguide no matter what 
value a refractive index of the polymer in the buffer layer takes. Namely, in the present structure, the optical properties 
of the polymer constituting the buffer layer 5 exert little influence on the optical characteristics of the optical waveguide. 
This makes it pcsstole to employ, as the buffer layer 5. an arbitrary polymer having a high adhesiveness to the base. 
5 iyxxing the optical properties. Also, polymers generaiy have a high adhesiveness to each other, and tr^ 

set as the buffer layer 5. a material that has a high adhesiveness to the lower dad layer 2 as well as to the base. 
Accordingly, it is possfcle tor the present invention to provtie a polymer 
ness and a higher reliability than in the conventional optical waveguide 

[0O11] For example, when ftuorinated potyimide is employed as the lower dad layer 2. an ordinary polyimide contain- 
to ing no fluorine iserrptoyedasthebufferlayer 5. 7^ 

base, and also makes it possible to embody the strong adhesiveness between the lower dad lay^ 
as well. If it is desirable to enhaice the adhesiveness to the substrate even further, it is appropriate to employ as the 
buffer layer 5 polyimide siloxane that owns Si atoms in the molecular structure and has a strong serf -adhesion property 
to silicon and S*02. Also, when the lower dad layer is composed of a fluorinated acrylic polymer, it is appropriate to 
15 employ as the buffer layer an acrylic polymer containing no fluorine. Also, when the lower dad layer is composed of 
fluorinated polycarbonate, it is appropriate to employ as the buffer layer polycarbonate containing no fkjorine. 
[0O12] Next using Fig. 1. the explanation will be given concerning a concrete method of carrying out the present 
invention. First a N, N4imethy! acetamide solution of pdyamic acid, i.e. a precursor erf the polyimide siloxane. is coated 
on the silicon base 1 by a spinner and baked, thereby forming the buffer layer 5 (1 .5 \um thick) made of the polyimide 
20 silcocane. Here, as the polyimide siloxane, a substance represented by a structural formula: 

[chemical formula I ] 



25 



30 




. i.e. a polymerization product of benzophenon tetracarboxyiic dianhydride (BTDA), methylene dianiyne (MDA) and bis- 
gamma aminoptopyftetramethyl disfloxane (GAPD), has been used. 
35 [0013] In addition, N, N-dimethyl acetamide solutions of the poryarric acid, i.e. precursors of two kinds cf fluorinated 
polyimide A, B. are each coated and baked, thereby forming the lower dad layer 2 (10 urn thick) made of the fluorinated 
polyimide A and a core layer 3(7jim thick) made of the polyimide f tuoride resin B. The * winated polyimide A is a sub- 
stance represented by a structural formula: 

40 [chemical formula II J 



45 




. i.e. a pdymerization product of 2.2'-bis (tnfliKXc™e*h^ (TFDB) and 2,2H»s(3,4<Jicarboxyphe- 

nyi) hexafluoropropane dianhydride (6FDA). Also, the fluorinated polyimide B is a substance represented by a structural 
55 formula: 
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[chemical formula III] 



70 




15 



30 



40 



45 



50 



, i.e. a polymerization product of TFDB, 6FDA and pyromelitic danhydride (PMDA). A ratio between 6FDA and PMDA 
(nmely, a rat» between m and n) has been taken as 4 : 1 » 
0.3% neater than a retracts index of the lowered 

oxygen ion etching so as to form a waveguide pattern. Moreover, the N.NKimethyl acetamide solution of the polyamic 
acid. Lathepreairsorc^thefluorinated polyinride A is coated and baked, thereby providing an upper ciad layer 4 (10 
jim thick). A propagation Ices in the optical waveguide thus fabricated has turned out to be 0.3 dB/cm at wavelength of 
1.3 urn. This is a value equivalent to and as small as a value in the conventional optical waveguide (Fig. 10) fabricated 
usmg the same polyimide fluoride resin and having no buffer layer. When 

fcfcricated waveguide, mere has occu^ in the conven- 

tional device havmg rx> buffer layer. Mean^ 

thus enhancements in the adhesiveness and the long-term reliability have been confrmed. The abeve-desatoed expla- 
nation has been given concerning, in particular, the case in which the embedded type optical waveguide is fabricated 
using the etching. However, regarding a ridge type optical waveguide having no upper clad layer, too, the present inven- 
tion can be carried out similarly as is illustrated in Fig. 3. Also, the present invention can be carried out similarly as is 
illustrated in Fig. 4 regarding as we* an embedded type optical waveguide that is fabricated by using a photosensitive 
polymer in the core layer and letting a portion thereof be irracSated with light wave so as to make the refractive index 
srrialler. Furthermore, me same effects can be 
is of any other inorganic material such as SKD2, quarts, SiNx. 

[001 4] Fig. 5 shows an optical switch, i.e. an example of the polymer optical integrated circuits related with the embod- 
iment of the present invention. The present 1x4 optical switch has thin film heater electrodes 10 on waveguides and 
heats the waveguides by the heaters so as to cause the refractive indexes to be changed, thereby switching among the 
optical paths The optical switch has been fabricated in the following process: First, as is the case with the above 
embodiment, the N,N-dimethyl acetamide solution of the poryamic acid, i.e. the precursor of the polyimide sitoxane, and 
the N, N-dimethyl acetamide solutions of the pdyamic acid, i.e. the precursors of the f luorinated polyimide A B, are 
coated and baked on a silicon substrate 1 in sequence, respectively, thereby laminating a buffer layer 5 (1 .5 urn thick) 
made of the polyimkJesioxane, a lower dad layer 2 (10 um thk^ made of the fl^ polyimide A and a core layer 
3 (7 jim thick) made of the f luorinated polyimide B. Next a portion of the core layer is removed by a reactive oxygen ion 
etching so as to form a waveguide pattern (including branching structures). Next the amic acid solution, i.e. the precur- 
sor oftheftuorinated pdyinide A is coated and baked so as to form an upper clad layer 4 made of the f luorinated poly- 
imide A and then the Cr thin film heaters 10 are provided. Finally, optical fibers 11 (5 units in total) tor inputting and 
outputting light wave are connected and adhere to an end surface of the device. An insertion loss of the optical switch 
thus fabricated has turned out to be about 4 dB. By feeding an electric power of about 40 mW to each of the heaters, 
the switching has been performed with an extinction ratio of 20 dB or more. Also, even when an ON • OFF operation 
of the heater current has been repeated more than lOthousanos times, the polymer has never been deiaminated from 
the base. On the contrary, in an ordinary device having no buffer layer, the ON • OFF operations of the heater current 
have forced the polymer waveguides to be deiaminated from the base. The 1 x4 optical switches fabricated have been 
combined so as to constitute a 4x4 optical switch (Fig. 6). The 4x4 optical switch has been set up at each station so as 
to constitute an optical cornmunication ^paratus (Fig. 7). In the present optical communication apparatus, usually, a 
station A and a station B, the station B and a station C, and the station C and the station A each perform communication, 
using a single optical fber of the shortest possWe distance. However, for example, if the optical ttoer is disconnected 
between the station A and the station B, switching of the optical switch at each station makes rt possible to perform the 
communication between the station A and the station B through the optical f foer between the station A and the station 
C, the optical switch at the station C and the optical fber between the station C and the station B. The present optical 
communication apparatus has operated normally over a long period of time. 

[001 S\ Rg. 8 shows an internal structure of a laser diode and photodfode module using the polymer optical waveguide 
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related with the errtxxSment of the present invention. The module has been fabricated in the following process: First a 
Cr/Au electrode 41 is provided on a silicon substrate 1 having a Si02 film 40. As is the case with the ^ 
errfcodiments, the N.N-dimethyl acetamide solution of the polyamic acid, i.e. the precursor of the poryimide siloxane, 
and the N, N-dimethyl acetamide solutions of the polyamic acid. i.e. the precursors of the fluorinated polyimide A. B, are 
coated and baked on the silicon substrate 1 in sequence, respectively, thereby laminating a buffer layer 5(1.5jim thick) 
made of the polyimide siloxane, a lower dad layer 2 (10 >im thick) made of the fluorinated polyimide A, and a core layer 
3 (7 ^ thick) made of me fluorinated poryim^ 

etching so as to form a waveguide pattern (including Y branching structures), and then an upper dad layer 4 is coated. 
Next, a portion of the pdymer layers on the base is completely removed by using the reactive oxygen ion etching, 
thereby exposing a device rrK)untin^ 

todiode 43 .remounted on the mounting area. Also, an optk^ftoer 11 is connected and adheres to an end surface of 
the waveguide. Moreover, the base is put into a metallic package and a hermetic sealing thereof is perfor med, th us 
completing the optical module. Next, using two units o# the fabricated optical modules, an interactive optical communi- 
cation c*paratus Blustrated in Fig. 9 has been fabricated. The interactive optical comrrwnication apparatus has oper- 
ated in a stable condition over a long period of time. 

[0016] According to the embodiments of the present invention, it is possWe to provide a highly reliable polymer optical 
waveguide, a highly reliable optical integrated drcuit and a highly reliable optical module which have a hipji adhesive- 
ness to the substrates. Also, by employing them to constitute an optical communication apparatus, it is possWe to pro- 
vide a highly reliable optica! cxxnmunication apparatus. 

INDUSTRIAL APPLICABILITY 

[00171 In the entailments of the present invention, it is possible to provide a highly reliable polymer optical 
waveguide, a highly reliable optical integrated circuit and a highly reliable optical module which have a high adhesive- 
ness to the substrate. Also, by employing them to constitute an optical cxxnmunicatjon apparatus, it is possible to pro- 
vide a highly reliable optical communication apparatus. Accordingly, the industrial avaflabiity is extremely immense. 

Claims 

1. A polymer optical waveguide which is fabricated on a substrate having an inorganic material on at least a part of a 
surface thereof and in which a core layer and a dad layer that is posilkxieddo^ 

are composed of polymers, wherein a buffer layer, which is composed of a polymer that is different from the poly- 
mer constituting said clad layer, is provided between said dad layer and said base. 

2. The polymer optical waveguide as claimed in Claim 1 , wherein the polymer constituting said buffer layer has a 
stronger adhesiveness towaro said base than that of the polymer constituting said dad layer. 

3. The polymer optical waveguide as claimed in Claim 1 or 2, wherein said dad layer is composed of the polymer con- 
taining fluorine and said buffer layer is composed of the polymer containing no fluorine. 

4. The polymer optical waveguide as claimed in Claim 1 or 2, wherein said buffer layer is composed of the polymer 
containing silicon. 

5. The polymer optical waveguide as claimed in Claim 1 or 2, wherein said dad layer is composed of fluorinated pdy- 
imide and said buffer layer is composed of a polyimide siloxane. 

6. The polymer optical waveguide as claimed in any one of Claims 1 to 5. wherein, out of a silicon substrate, a glass 
substrate, a silicon substrate provided with an oxide film on at least a part of a surface thereof and a substrate hav- 
ing a metallic electrode on at least a part of a surface thereof, any one of them is employed. 

7. An optical integrated drcuit, wherein there is provided said pdymer optical waveguide as claimed in any one of 
Claims 1to6. 

8. The optical integrated drcuit as claimed in Claim 7. wherein a thin film heater is employed on at least a part of a 
surface of said optical waveguide. 

9. The optical integrated drcuit as daimed in Claim 7 or 8, wherein said optical integrated drcuit is an optical switch. 
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10. An optical communication apparatus, wherein said optical switch as claimed in Claim 9 Is employed. 

11. An optical module, wherein a semiconductor laser or a photodiode is bonded on abase having said polymer optical 
waveguide as claimed in any one of Claims 1 to 6. 

5 

12. An optical communication apparatus, wherein said optical module as claimed in Claim 11 is employed. 

10 
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FIG. 5 
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FIG. 6 
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FIG. 8 
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FIG. 10 
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